The main goal of this research project is to develop a data assimilation system to obtain a global atmospheric analysis for the U. S. Navy Global Environmental Model (NAVGEM), as well as a set of limited area atmospheric analyses for multiple local domains for the Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS) by a single data assimilation process. We will achieve this goal by developing a novel data assimilation system that blends the lower resolution state of the global model and the higher resolution states of the limited area models.
OBJECTIVES
The Fleet Numerical Meteorology and Oceanography Center (FNMOC) prepares both global and limited area weather analyses and forecasts. In fact, FNMOC prepares limited area model products for more regions (more than 60) than any other center in the world (Figure 1 ). In the current implementation of the model suite, the global model is started from analyses prepared by the Naval Research Laboratory Atmospheric Variational Data Assimilation--Accelerated Representer (NAVDAS-AR) data assimilation system, which is based on a 4D-VAR data assimilation scheme, while the regional model is started from analyses provided by the Naval Research Laboratory Atmospheric Variational Data Assimilation (NAVDAS) system for the atmosphere and the Navy Coupled Ocean Data Assimilation (NCODA) for the ocean. Both NAVDAS and NCODA are 3D-VAR schemes. In this configuration, deterministic model information is propagated from the global model to the regional analysis through the lateral boundary conditions. Building on the results of our earlier research, we are developing a data assimilation algorithm, in which information flows in both directions between the global and the limited area data assimilation systems. We expect both the global and the limited area analyses to benefit from the coupled approach. In particular, we expect that in the coupled data assimilation system, the global analyses will benefit from the availability of the highresolution limited area model information in regions where the presence of small scale atmospheric flow features (e.g., in a tropical cyclone or over complex terrain) severely restrict the representativeness of the observations at the scales not resolved by the global model.
In addition, we hope that in the process of developing and testing the data assimilation system, we will gain new knowledge about the mechanisms by which mesoscale processes influence synoptic and global scale predictability. Such new knowledge will help make strategic decisions about the development of the analysis and forecast systems of the future.
Figure 1
Illustration of the suite of atmospheric model forecast products of the Navy.
APPROACH
Our approach takes advantage of the results of our earlier theoretical and modeling efforts on coupling the global and the limited area data assimilation processes (Merkova et al. 2011; Holt 2011; Holt et al. 2013; Yoon et al. 2012 ) and the advances made by Dr. Craig Bishop and his NRL Monterey-based research group. We work in close collaboration with Dr. Bishop's group. The relevance of our research is expected to highly benefit from using a state-of-the-art operational system that includes capabilities to assimilate satellite radiance observations and to perform normal mode initialization. In addition, using the NRL system is expected to greatly accelerate the transfer of the research results to NRL, Monterey, and eventually to FNMOC.
WORK COMPLETED
Our research from the project has hitherto resulted in a total of five journal articles, four of which (Yoon et al. 2012; Roh et al. 2013; Kretschmer et al. 2015; Holt et al. 2015) have already been published, and one (Roh et al. 2015 ) is under review. Results were also published in a Ph.D. thesis (Holt 2014) and in a book (Szunyogh 2014) . In FY15, our efforts were focused on implementing the composite state approach on the forecast system comprised of the operational version of NAVDAS-AR, NAVGEM and COAMPS. We carried out a large number of numerical experiemnts with our prototype system. In what follows, we show some representative results of these experiments. We are planning to prepare an additional journal article on these results, which will also be part of a Ph. D. thesis submitted by Michael Herrera in FY16.
RESULTS
A key requirement for the implementation of our ideas on the operational model suite of the U.S. Navy is the ability to seamlessly blend the state vectors of NAVGEM and COAMPS. Developing such capabilities has been a challenging task, because, in addition to having different resolutions, NAVGEM and COAMPS also use different vertical coordinates and different horizontal discretization strategies. We tested several approaches for the interpolation of atmospheric fields between the two models. Our diagnostic results suggest that we have found a combination of interpolation schemes that has minimal adverse effects on the structure of the blended fields. Figure 2 shows an example of a blended field to illustrate the smooth transition of the fields at the lateral boundaries of the COAMPS doamin. We carried out analysis/forecast experiments, embedding two limited area domains: a west Atlantic and a Mediterranean domain. (See Figure 3. ) In these experiments, the resolution of NAVGEM was T119 (about 110 km), while the resolution of COAMPS was 32 km. In the limited area domains, the global model field was given a weight of 90%, while the limited area model fields were given a weight of 10%. The blended field was used as the background for NAVDAS-AR, which was run at resolution T319 in the outer loop, and resolution T119 in the inner loop. Another (control) data assimilation experiment was also carried out with no blending. The analyses errors were estimated by using 1-degree resolution operational ECMWF analyses as proxies for the true states. The experiemnts were carried out, and verification statistics were accumulated, for the one-month period between October 1, 2012 and November 1, 2012. 
IMPACT/APPLICATIONS
The results obtained with a prototype data assimilation system that blends global and limited are model information suggest that blending has the potential to improve the quality of the operational modelbased analysis and forecast products of the Navy. We expect that some tuning of the blending parameters would significantly improve the positive effect of blending on the analyses and the ensuing forecasts. We also conjecture that combining blending with a hybrid ensemble-variational data approach would lead to even larger analysis improvements.
